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A-A automatic analysis for measuring anhydrous ammonia
concentration
B block
cm centimeters
DB dry basis
d.f. degrees of freedom
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i.d, inside diameter
K knife application
km/h kilometers per hour
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NH^ anhydrous ammonia
NT no-till
PIFA point injector fertilizer applicator
s seconds
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V forward speed of tractor
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1. INTRODUCTION
Nitrogen is one of the major plant nutrients applied to the soil to
enhance crop growth. Anhydrous ammonia (NH^), the most concentrated ni-
trogeneous fertilizer, has been used since the early 1930s. The is
liquified under pressure and stored in steel tanks at a pressure of about
930 kN/m at ordinary temperatures. The commercial compound contains
81.5-82.5% nitrogen and is the least expensive form of fixed nitrogen
(Jackson and Change, 1947). One of the critical technical problems in
the use of NH^ as a fertilizer is the rapidity of NH^ sorption by
the soil during and after application and the extent of loss by dif
fusion into the atmosphere.
In 1930, the amount of NH^ being used in the United States was 0.18
million metric tons per year, whereas in 1981, the consumption of NH3
by direct application exceeded 4.2 million metric tons of nitrogen
(USDA, 1982), The total annual NH^ losses in the United States during
the production process and field application were estimated by Barber,
(1978) to be 0.29 million metric tons. It was further estimated that
65% of the above losses occur during direct application of NH^ to the
soil. This alarming rate of field losses has always suggested a need
to improve application procedures of NH in order to decrease losses
3
and conserve this resource.
After application, other routes for N loss such as volatilization,
denitrification, and leaching also are of concern. The conventional
methods of fertilizer application have their inherent problems —
like timing of the application relative to crop needs, placement of
fertilizer with respect to crop row, and use with conservation tillage
systems which restrict soil Incorporation of fertilizer. In view of
these problems, Dawelbeit et al, (1980) designed a single row point
injector fertilizer applicator (PIFA), which was further developed
into a multi-row unit by (Figure 1-a) Baker et al. (1983) for appli
cation of liquid fertilizers. The multi-row unit showed satisfactory
performance during preliminary trials compared to the conventional
knife applicator (Figure 1-b) as regards to losses, economy of
operation, convenience of handling material, etc. However, a thorough
evaluation of the machine (PIFA) is imperative before it can be re
commended for commercial use as an NH^ applicator. Therefore, the
present investigation has been undertaken to evaluate the field
performance of the PIFA under a variety of soil-crop-operational
parameters.
The specific objective of this study was to estimate percent
losses as affected by soil condition, depth of application, rate of
application, and speed of operation. It is believed that the informa
tion obtained from this study will help improve the design and field
performance of the PIFA and pave the way for further improvements of
fertilizer injection systems.
2. LITERATURE REVIEW
A search of literature, specifically for the parameters that af
fect NH^ losses revealed that several research investigations have been
conducted into the effects of different factors contributing to the
losses of NH^ during application. Some of the pertinent studies have
been reviewed here.
2.1. Factors Affecting NH^ Losses
2.1.1. Depth of application
Depth of application is considered to be an important parameter
that affects NH^ losses. According to a study by Stanley and Smith
(1956), NH^ should be applied 10 and 20 cm below the soil surface for
heavy- and light-textured soils, respectively. Jackson and Change
(1947) and Stanley and Smith (1956) reported that soil moisture and
depth of application were of minor importance in retention. Their
observation is contrary to popular belief and can be regards to a site
specific observation. In another study, Stanley and Smith (1958)
observed that the NH^ losses increased as the depth of application was
decreased to less than 10 cm. They also observed that significant
losses occured even though no visible vapor loss occured. Similarly,
Fenn and Kissel (1976) report that losses from a calcareous soil
decreased with increasing depth of incorporation, but was still sub
stantial at a depth of 7.5 cm. (Of the N applied to a silty clay loam,
20% was lost.)
2.1.2. Soil moisture
Ideally, should be injected when soil water content and tilth
allow complete closure of the injection slot for maximum retention.
NHj should not be injected into excessively wet, heavy, coarse-tex
tured soil, or soil which is highly erodable.
Baker et al. (1959) report that NH^ losses from soils at optimum
moisture contents were found to be negligible when was applied at
a practical rate and at a depth of 10 cm or more below the soil surface.
Stanley and Smith (1956) observed that soil moisture influenced the
retention of NH^ by soils. The loss was small on Putman silt loam with
15-18% moisture (optimum) regardless of depth of application, but in
creased as the soil either was dried or contained more moisture. Los
ses on wet soils are believed to occur because of upward movement and
evaporation of water. Under dry conditions, there is probably a mass
flow out of the soil because of pressure.
2.1.3. Tilth of soil
The loss of from an air-dried, cloddy soil was only 2.2% (15 cm
depth of application) as compared to 4.2% from a sieved soil, reported
Stanley and Smith (1956). Apparently, the could move laterally and
downward from the point of injection at a more rapid rate in the cloddy
than in the sieved soil. This laboratory investigation indicates that
the NH^ can rapidly come in contact with more soil surface under cloddy
conditions, which results in more efficient adsorption.
2.1.4. Soil texture
The texture of the soil is believed to play a significant role
in NH^ application and losses. For example, Stanley and Smith (1956)
observed in a laboratory investigation that increasing the clay content
raised the capacity of soil to adsorb Ths NH^ loss from an air-
dried, sandy soil was greater than from silt loam or clay soils. Blue
and Eno (1952, 1954) observed in a laboratory study that the NH^ losses
were as high as 75% from coastal plains sandy soil, whereas Baker et
al, (1959) report negligible losses in a silt loam soil.
which is applied on clayey soils with at least 14 organic mat
ter does not readily leach out; instead, it is held in the soil by adsorp
tion even though excessive rains come. Significant leaching of nitro
gen applied as NH^ does not take place until after the is nitrified
or converted into
2.1.5. pH
Theoretically, acidic soils should hold NH^ against volatilization
more strongly than neutral soils because of the formation of . An
drews et al. (1951) report that a soil with pH as high as 8 or above
will retain the NH^ form of nitrogen but nitrification is faster
than in soils of lower pH values. They further reported that NH^ losses
from three different fine-textured soils were proportional to their
original soil pH values. Similarly, Baker et al. (1983) cite Carter
(1961), who observed in a laboratory study that the higher the soil pH
values, the higher were the NH^ losses.
2.1.6. Cation exchange capacity
Meyer et al. (1961) observed that a high cation exchange capacity
decreased the NH^ losses due to high soil adsorption capacity. Blue
and Eno (1952, 1954) report that a high rate of NH^ loss occurred when
NH^ was applied to sandy soils of low exchange capacity. Alow cation
exchange capacity can be related to significant amounts of NH^ vola
tilization due to insufficient exchange capacity to adsorb NH^ ions.
2.2. Summary
Most of the past research on losses have been conducted under
laboratory conditions, which are not always considered to be good in
dicators for field conditions. '^ 3* being the cheapest source of
fixed nitrogen, has attracted the attention of scientists to improve
the handling and application technology for its use. Knife applica
tion has been a popular method of applying However, knife appli
cation has its own problems — like energy for the knifing operation
and excessive soil disturbance, which is undesirable, particularly
under no—till systems. The concept and field application of an NH^
point injection system is relatively new and therefore needs to be
studied further for the factors that would contribute toward reducing
losses with the injection system.
3. MATERIALS AND METHODS
In order Co test the field performance of the PIFA for NH^ ap
plication, a four-row unit was developed in the Department of Agri
cultural Engineering at Iowa State University, Ames, during the fall of
1983 (Figure 1). The unit consists of four wheels (third generation),
each 61 cm diameter, with a rotary valve in its hub. The wheel has 10
hollow spokes, each 1.43 cm in diameter with a 0.48 cm i.d. capable of
injecting liquid NH^ about 10 cm into the soil. Each spoke is plugged
on the end and has a hole 0.48 cm dia. perpendicular to the spoke
axis, resulting in two side outlets. A fourth generation wheel was
also used which was about 72 cm in diameter, with a rotary valve in the
hub made of Nylatron GS and 12 hollow spokes 1.11 cm in diameter and
0.48 cm i.d. capable of injecting liquid NH^ from 10 to 18 cm into the
soil.
Asteel tank with a capacity of 150 gallons of NH^ was installed on
the unit (Figure 1-a). Figure 3 shows a commercial unit used to regu
late and meter the amount of required for application through com
puter signals and an automatic regulator valve.
3.1, Apparatus to Determine NH^ Losses
An apparatus was designed to measure NH^ losses during field ap
plication; however, it was considered necessary to check the functional
performance of the apparatus in the laboratory before going to the
field. The laboratory set-up is shown in Figures 4 and 5.
Figure 1-a. Point injector fertilizer applicator (PIFA) with four
units
Figure 1-b. Aconventional NH^ knife applicator

Figure 2. PIFA wheel
A. Hub C, Spoke
B. Rotary valve D. Outlet hole
Figure 3. Arrangement showing
A, Computer control B. Regulator valve
**f'•/•>.t
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Figure 4. Laboratory set-up to determine losses
A.
B.
V.
P.
^emometer
Box/bin
Vacuum fan
Pump
H. Flexible pipe (hose
M. Flow
S. Steel pipe (8,26 cm diameter)
F. Flask
Figure 5. Lab set-up to determine losses (another view)
C. Cylinder
FM. Foam
B, Battery 12 volts
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A PIFA wheel was housed in a box with foam underneath to simulate
field soil. A cylinder of NH. was used to introduce NH^ into the box
3 ^
through a valve, which was opened for a short interval for each run to
simulate volatilization loss. The NH^-air mixture from the box was
drawn by a vacuum fan into a pipe (8.3 cm dia.)* which had an anemometer
installed to measure the velocity of the mixture leaving the pipe. This
velocity and the cross-sectional area of the pipe were used to calcu
late the flow rate of the air-NH^ mixture from the pipe (Q). Another
small flexible pipe (F) (0.3 cm), with holes on its periphery as shown
in Figure 4, was used to take a sub-sample from the air-NH^ mixture.
The pump (P) draws a sub-sample through the flexible pipe and a flask
filled with a sulfuric acid solution to dissolve the NH^ and then the
air is routed to a flowmeter to measure air flow (q) through the pump
(P) in liters/minute. The expected value of NH^ concentration in the
flask was calculated as:
Expected NH-/flask = (q/Q + q) )
3 NT V volume of acid
The weight of NH^ released was taken as the difference in cylinder
weights before and after the run (Figure 6). The above procedure was
repeated many times, and the acid solutions were analyzed for the ac-
txaal concentrations of NH^ (Figure 7), NH^ concentrations were de
termined using method 350.1, calorimetric automated phenate, U.S.E.P.A.;
Methods for Chemical Analysis for Water & Wastes; EPA-600/4-79-020,
March 1979. The expected and actual values of NH^ are given in Appen
dix A. A regression analysis between the expected and the actual lab-
Figure 6. Measuring Nfl^ used per run in laboratory
Figure 7. Automatic Sample Analyzer for NH^ concentration in the
flask
.4j
Ml
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oratory values gave a correlation coefficient value of 0.95. A com
parison of the laboratory values (actual value) and calculated values
(expected value) indicate that measured values are good estimates
of expected values, verifying the validity of the loss measuring
apparatus. The regression equation was:
y = 0.675 + 0.842X
where
y = actual concentration of NH^ in flask
(ranging from 2.7 to 25.8 mg N/L)
X= laboratory concentration of NH^ used
(ranging from 2.2 to 3.2 mg N/L)
3.2. Factors and their Levels
In order to test the field performance of the PIFA, using the
loss-measuring apparatus discussed in Section 3.1, several soil-oper
ational parameters were selected. The parameters included soil condi
tion, depth of application, speed of travel, and rate of application.
In addition, performance of the PIFA was compared with that of knife
application.
3.2.1. Forward speed of tractor
Each set of soil conditions results in a specific porosity with
a particular capacity (rate and amount) for NH^ adsorption. Therefore,
NH^ losses are expected to change with a change in travel speed due
18
to a mismatch between the rate of NH^ injection and the rate of NH^
adsorption of the soil. The effect of speed on NH^ losses during ap
plication needs to be studied also because no previous study has been
conducted on this factor. Therefore, the speed of the PIFA operation
was included at two levels, 4.8-5.6 kra/h and 6.4-8.0 km/h.
3.2.2. Rate of application
Common practice in the United States includes different rates of
NH^ application; therefore, two levels (31-50 kg N/ha and 140-190
kg N/ha) were included in the present investigation in order to ascer
tain the trend of losses with change in application rate.
3.2.3. Depth of application
There is evidence (Section 2.1.1.) that depth of application has
a significant effect on NH^ losses. However, most of the previous
studies were under laboratory conditions. Therefore, depth of NH^
application was included in the present study at two levels, 10-
12.5 cm and 17.5 cm.
3.2.4. Soil condition
Because of an increasing trend toward conservation tillage in
the United States, it was decided to test the performance of the PIFA
both under tilled and no-till soil conditions, if feasible at the
site.
3.2.5. Site and time of experiment
For wider applicability of the results, these trials were con
ducted at three different locations with soils varying in initial con-
19
ditions, such as moisture, resistance to penetration, cation exchange
capacity, temperature, pH, etc. The experiments at the different sites
were conducted at different times of the year in order to increase the
generality of the results. However, site was not included as a fac
tor in the study.
3.3. Experimental Design
The factors and their levels used in the present study are sum
marized as;
Factor
Soil condition
Speed of operation
Rate of application
Depth of application
Method of application
Level
till
no-till
A.8-5.6 km/h
6.4-8.00 kra/h
lower (31-50 kg N/ha)
higher (140-190 kg N/ha)
10-12.5 cm
17.5 cm
PIFA wheel (W)
Knife (K)
With the factors and their levels in the table above, a complete
ly randomized factorial design was considered appropriate (Box et al.,
1978) for analysis of data. All the factors in the table could not
be studied at each site due to experimental constraints. ANOVA ta
bles in Chapter 4 show the factors selected at each site.
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3.4 Field Equipment and Facilities
The trials were conducted using the facilities of the Department
of Agricultural Engineering at Iowa State University, Ames. The PIFA
was mounted on a 265 Massey Ferguson tractor. The general set-up of
the apparatus to determine NH^ losses in the field is shown in Figures
8 and 9. The field set-up for measuring losses is nearly the same as
used for the laboratory (Section 3.1.).
3,5, Field Procedure for Iteasuring NH^ Losses
Before beginning the field trials, several cylinders filled with
NH^ and a tractor coupled with the PIFA were brought to the site. Soil
samples were randomly collected from the field to determine moisture
content. Soil temperature observations were also made. Since several
observations were to be recorded simultaneously, a team of three per
sons worked as follows:
1st person: To select the speed of tractor
and rate of application with the
computer-controlled regulator
valve. This person drove the
tractor,
2nd and 3rd persons: To start a stopwatch and vacuum
pump, turn on anemometer and flow-
meter after tractor has moved 6-8
meters to avoid boundary effects.
Before reaching the end of the
field, to turn off switches and
stopwatch, read anemometer, re
cord flowmeter observation and
replace flask after the tractor
was stopped.
The above procedure was repeated for a particular factor combina
tion (treatment), called one-run.
Figure 8. Field set-up for measuring NH^ losses
Figure 9. Measuring application rate/run using scale
SV
<%»
<♦wm\TCI*^
V-V.-^
^^3.^eflW
fA-*-''1-..>
4
f>y.v»,{
ZZ
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AC the end of the day's trials at the site, Che flasks were taken
to the laboratory for analysis to estimate NH^ concentrations in the
flasks (Appendix B). Later, %NH^ losses were calculated, using lab
oratory values and the quantity of NH^ applied per run. Data on %
NH^ losses were analyzed, using an SAS package. The results are dis
cussed in the next chapter.
24
4. RESULTS AND DISCUSSION
Field trials were conducted to evaluate the performance of the
PIFA. This machine had previously been used for application of solu
tion fertilizers by Dawelbeit et al. (1980); however, in the present
study the PIFA was tested for NH^ application and the losses result
ing therefrom, under a variety of soil, machine and operational pa
rameters,
4.1, Effect of Tractor Forward Speed and Rate
of Application on NH^ Losses at Agronomy Farm
The machine was calibrated as discussed earlier in Section 3.2.
The PIFA (third generation) was operated with NH^ at 5.6 and 8.0 km/h and
two rates of application, that is, 31 and 190 kg N/ha in a com field on
two different dates (5/23/84 and 6/26/84). The NH^ losses were deter
mined by the procedures discussed in Section 3.5. The % losses are given
in Appendix B. The mean % losses are presented in Table 1.
It is important to note that the measured losses in Table 1 are
higher than were expected. The higher losses may be due to some of
the following reasons:
1) The depth of application of NH^ was 10 cm, which
may be undesirably shallow,
2) Four wheels or units of the machine were being
simultaneously operated (Figure 1), whereas the
losses were being monitored from only one wheel.
This simultaneous operation of four wheels may have
increased measured losses by diverting some NH^ from
25
Table 1. Means of NH^ losses with PIFA^
Speed Rate of application Mean NH.
Date km/h kg N/ha losses,, y.
5.6 31 5.,16
5/23/84
8.0
5.6
31
190
3.
5.
75
12
8.0 190 8.,28
6/26/84
6. 3 52 10.,07
8.0 52 15.,51
Depth of application was 10 cm, under no-till condition.
the other three wheels into the loss-measuring ap
paratus, This disturbance was expected to be more
pronounced at higher wind velocities. In view of the
problem caused by the simultaneous operation of four
wheels, a single wheel was used in the later trials,
3) A few other possible contributors to higher losses
included problematic injection timing, the shape of
the spoke, and the trajectory traversed by the spoke.
(Therefore, it was decided to analyze the trajectory
of the spoke as discussed later in Section 4.3).
Although the X losses (Table 1) are higher than were expected, the
emphasis of this study is on relative differences due to different op
erational parameters (absolute losses in Appendix B, Table 17).
Table 1 indicates that the forward speed of the tractor had no effect on
NH^ losses. The increase in speed from 5.6 to 8.0 km/h did not affect
losses, perhaps because that speed range is too narrow to cause any
practical difference. In order to justify the indifferent behavior of
the two levels of speed toward NH^ losses, the time for injection at
various forward speeds of operation was calculated by measuring point-
26
to-point distances for injections in the field (Figure 13). Tor
example, at 8 km/h (2.2 m/s) and point-to-point distances of 0.2 m,
the time of injection is 0.2/2.22 == 0.09 s/injection. The time re
quired for each injection at different speeds is listed below:
Speed Time for injection
5.6 0.13
6.4 0.11
8.1 0.09
9.7 0,07
11.3 0.06
There is a 30% reduction in the amount of time for injection
going from 5.6 to 8.0 km/h, which may not be large enough to cause a
significant change in NH^ losses.
The %NH^ losses increased with the rate of application — only at
high speed though — for some unknown reasons. This response is con
trary to the one observed in later trials at the Ross and Agricultural
Engineering Farms.
4.2. NH^ Losses as Affected by Different
Factors at Ross Farm
As planned earlier, the trials were to be conducted under a vari
ety of soil conditions. Experiments were performed at the Iowa State
University Ross Farm of Ames in central Iowa, on August 15, 1984, in oat
stubble. A single wheel unit (fourth generation) was used Instead of four
wheels for the reasons discussed in Section 4.1. (Figures 8 and 9). In
these trials, knife application was also included as a factor in order to
compare NH^ losses from the PIFA with knife application under a simi-
Figure 10. Field trajectory of spoke
Figure 11. Spoke trajectory (close up)
V*^T
83
Figure 12. Spoke trajectory at 12.5 cm depth
Figure 13. Field profile of trajectory showing spoke-spoke distance
(A-B)
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lar set of soil conditions. The field data for losses for differ
ent factor combinations are given in Appendix B, The NH^ losses from
the PIFA and knife applications could not be statistically analyzed
together due to missing values of some factors which could not be
studied because of breakdowns and experimental constraints. There
fore, NH^ losses with the PIFA and knife applications were analyzed
separately using the SAS package for ANOVA. The mean values of %
NH^ losses for various factor combinations are given in Tables 2 and
3.
In general, NH^ losses were higher with the PIFA (Table 2) as
compared to knife application measured at the point of application
(losses from the knife slot or point of injection after the applica
tors had passed were not measured; however, visible evidence of loss
from the slots was noted) (Table 3). The higher losses with the
PIFA may be due to several reasons. The soil was too hard, at least
for application with the PIFA (see Appendix B), It was difficult
for the wheel to penetrate the soil, especially in no-till plots, re
sulting in higher NH^ losses. Similarly, in tilled plots, the pres
ence of large clods kept the wheel continuously jumping, causing poor
penetration (Figure 14), Since the spokes lacked penetration, losses
Increased. The higher losses of NH^ with the PIFA leave a note of cau
tion for the potential users of this machine to avoid its use in hard
and dry soil conditions. In spite of the higher NH^ losses than were
expected, the ANOVA (Appendix B, Table 7) provides information regard-
Figure 14. Tilled field with clods at Ross Farm
Figure 15. No-till oat stubble at Ross Farm
3
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Table 2. Mean NH_ losses for different factors and their levels
with the PIFA (8/15/84)
Factor Level
Mean losses
%
Soil
Till 9.29
condition
No-till 6.93
12.5 cm 8.70
Depth
17.5 cm 6.95
4.8 km/h 10.18
Speed
8.0 km/h 5.85
Rate of
85 kg N/ha 11.89
application
198 kg N/ha 5.36
ing relative effects of different factors on losses.
The main effect of depth of operation of the PIFA tested sta
tistically significant (Appendix B, Table 7). The Z losses de
creased from 8.7 to 6.9% as the depth was increased from 12.5 to
17.5 cm (Table 2). The reason for this response may be associated
with a greater moisture content at a 17.5-cm depth (Appendix B, Ta
ble 16) that made the soil mellow and adsorptive for NH^, and at 17.5-
cm depth it is difficult for NH^ vapors to flow backward; thus, re
ducing losses. A similar observation has been recorded by Stanley
and Smith (1956); the NH^ losses were reduced as the depth of knife
penetration was increased. It appears beneficial to operate the PIFA
35
Table 3. Mean NH3 losses for different factors and their levels with
knife application (8/15/84)
Factor Level % losses
Soil
Till 0.31
condition
No-till 0.13
12.5 cm 0.35
Depth
17.5 cm 0.10
4.8 km/h 0.20
Speed
8.0 km/h 0.21
Rate of
85 kg N/ha 0.21
application 198 kg N/ha 0.20
at a greater depth, which can be accomplished only if the spokes are
longer and strong enough to avoid bending during penetration. The bene
fits of the greater depth would, however, need to be weighed against the
penalty of possible breakdowns.
The main effect of speed tested significant during these trials
(Appendix B, Table 7); however, this result contradicts the observation
at the Agronomy Farm. The losses decreased from 10.2 to 5.8% when speed
increased from 4,8 to 8.0 km/h. The measured losses decreased at higher
speed possibly because of difficult soil conditions that caused the ma
chine to jump at the higher speed. The NH^ vapors were probably escaping
36
the hood instead of being drawn Into the loss-measuring system of the
apparatus.
Similarly, as the rate of application was increased from 85 kg N/ha
to 198 kg N/ha, the losses were reduced from 11.9 to 5.4% (Table 2) be
cause at the higher rate, possibly due to greater pressure, a larger
cavity may be formed in the soil at the spoke tip at the time of ap
plication, This cavity retains NH^ for dissipation/diffusion into the
soil and reduces its backward flow up the spoke to the soil surface.
Also, the clearance between the soil and the spoke limits the amount
of escaping backward, thus making percentage losses lower at high
er rates.
Similarly, the main effect of soil condition tested statistical
ly significant (Appendix B, Table 7). The NH^ loss of 9.3% in tilled
plots as compared to 6.9% from no-till plots is contrary to popular
belief. The losses were lower in no-till soil. It is believed the
reason for this response was that the soil and grasses clustered around
the wheel, which restricted NH^ vapors from being readily sucked into
the loss-measuring part of the apparatus (Figure 15). To check for this
effect, trials were again conducted in the fall of 1984 in corn stubble,
as discussed later in Section 4.4.
The interaction of speed and soil condition tested significant in
the analysis of variance (Appendix B, Table 7). Figure 16 indicates that
losses remain nearly constant at the 8 km/h speed irrespective of soil
condition, whereas losses dropped from 11,3 to 5.9% for a speed increase
from 4.8 to 8.0 km/h in tilled plots. Similarly, soil condition-rate
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Forward speed of tractor (km/h)
7,75
Figure 16. Soil condition-speed interaction for NH^ losses
with PIFA
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of application Interaction (Figure 17) shows that the %NH^ loss was
considerably reduced at the higher rate of application in no-till plots,
for the reason discussed earlier under the main effect of soil condition.
The %NH^ loss data with the knife application are given in Table 3. The
values of the losses are low compared to the PIFA because, unlike the
PIFA, the knife could easily penetrate the soil without jumps due to
hard soil at the site. Losses of similar magnitude were observed by
Baker et al. (1959).
Similarly, in the analysis of variance of the data obtained with
knife application (Appendix B, Table 6), the main effects of depth
and soil condition again tested statistically significant for the rea
sons discussed earlier for the PIFA. The depth-rate interaction (Figure
18) suggests that the lower rate of application coupled with greater
depth offers an ideal combination for knife application. Also, depth-
soil condition interaction (Figure 19) indicates almost the same %NH^
loss for a 17.5-cm depth irrespective of soil condition. This means
a greater depth of application of offers a potential for reducing
field losses under different soil conditions.
4.3. NH^ Losses with the PIFA as Affected by
Rate of Application and Soil Condition at Agricultural
Engineering Farm
As discussed in Section 4.2., the effect of the soil condition
was contrary to what was expected; that is, the losses were more in
tilled soil. To investigate the above response further, a third set of
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Figure 17. Soil condition-rate of application interac
tion for NH^ losses with the PXFA
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trials (using a fourth generation, single unit PIFA) was conducted at
the Agricultural Engineering Farm, 11 km west of Ames in central Iowa
on 11/20/84. The mean %NH^ losses are given in Table 4, and the ANOVA
is presented in Appendix B, Table 8.
Table 4. Mean NH^ losses for different factors and their levels with
the PIFA (11/20/84)
Factor Level % losses
Soil
Till 8.9
condition
No-till 14.39
Rate of
50 kg N/ha 13.15
application 140 kg N/ha 10.52
*at 12.5 cm depth of injection and 6.4 fcm/h forward speed
The main effect of rate of application tested statistically sig
nificant for the reasons discussed in Section 4.2. Similarly, the ef
fect of soil condition is significant, but the response is contrary
to the one observed at the Ross Farm; that is, %NH^ losses were (8.9%)
in tilled soil as compared to the no-till condition (14.4%). There
fore, NH^ losses are lower (as would be generally expected,) under
tilled conditions, and the observation at the Ross Farm can be re
garded as a site and residue-specific observation.
In addition, it was observed in general that the losses during
fall application (Table 4) were greater than for the May application
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(Table 1) for the single reason that the soil was too wet (see moisture
data in Appendix B, Table 14 and 15) at the time of the fall applica
tion. A similar observation has been made by Stanley and Smith (1956).
These trials indicate the sensitivity levels of different fac
tors toward NH^ losses. The preceding discussion provides a set of
general guidelines for the potential designers, manufacturers and
users of the PIFA.
4.4. Theoretical and Field Analyses of
Spoke Trajectories
To develop an understanding of the behavior of the spoke in the
soil, it was considered useful to theoretically predict the trajectories
of the spoke in the soil and compare these trajectories with the ones
observed in the field. The equation for the trajectories of the spoke
in terms of vertical planer coordinates, x and y, was developed as shown
below, using basic principles of mathematics.
Assume in Figure 20 that
R = radius of wheel
L = length of spoke
a = angle of the spoke with the vertical
9 = angle of the spoke with the horizontal
To study the trajectory of the spoke, let us select an arbitrary
point P on one spoke, in this example, the spoke tip.
At time (t) = 0, let ot « 0, 0 = 7r/2 (position I)
LR
R
L
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Graund
position I position II
Figure 20. Diagram for developing equation of spoke
trajectory
45a
- a+ 6 = 1T/2 for all t
OP = position vector of P
where
OP = OA + AB + BP
let OA = R + L
so
BP = R + L = Z
B moves away from A at v ra/s, so that
AB = <vt,0> at time t (in seconds)
V= Zw, w = -da/dt = angular velocity of wheel, rad/s
(assuming rotation at spoke tip)
a = -wt
9 = 7t/2 - ct = fr/2-wt
BP = Z <cos 9, sin e> = Z <sin wt, cos wt>
OP = <0,Z> + <vt,0> + Z <sin wt, cos wt>
so, letting x and y be coordinates of OP
X - vt + Z sin wt = vt + Z sin vt/Z
y « Z + Z cos wt = Z + Z cos vt/Z
Using the last two equations, a theoretical spoke trajectory was
drawn which has the form of a cycloid (Figure 21). It was also attempted
to verify in the theoretically drawn trajectory in the field. The
spacing and shape of the cavities created by spoke trajectories in the
field (Figure 12) are similar to that predicted (Figure 21), To further
verify the similarity of theoretical and field behaviors of the spoke
45b
crajectory, the theoretical and actual injection spacing was deter
mined as next.
number of injections (field) = 46/9.15 = 5.02 injection/m
point-to-point distance (field) = 0.199 m
number of spokes/wheel = 12
circumference of the wheel = 0.199 x 12 = 2.39 m
the diameter of the wheel = 2.39- 0.76 m
TT
the theoretical diameter of the wheel = 0.762 m
slippage =0-762 -^0.76 ^ ^
This confirms that the rotation of the spoke at the tip as drawn in
theoretical analysis.
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5. CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE WORK
5.1. Conclusions
After an analysis of Che effects of different factors and their
levels on the %NH^ losses, the following conclusions were drawn,
(1) Soil conditions such as moisture content, soil resistance to
penetration, and presence of clods are some of many factors
that determine the magnitude of NH^ losses with the PIFA.
(2) %NH^ losses generally decreased when the rate of application
was increased. One possible explanation is that NH^ at a higher
rate forms a cavity which allows the vapors to diffuse into the
soil. At the same time, a constant clearance between the soil
and spoke at both rates may result in a constant amount of NH^
escaping backward, thus making % losses lower at a higher rate.
(3) An increase in speed from 4.8 to 8.0 km/h, in general, ap
pears to have little or no effect on NH^ losses; therefore,
the machine's operation at 8.0 km/h is preferable, field ca
pacity-wise, unless field conditions prohibit the operation
at the higher speed.
(4) Decreased NH^ losses were recorded with the increased depth of
operation, which obviously offers a potential for reducing losses
However, the benefit of greater injection depth will have to be
weighed against the possibility of increased breakdowns.
(5) Considerably higher losses of NH^ were observed with the PIFA
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when compared to the knife applicator at the instant of application.
Two reasons for this response are decreased spoke penetration in
the hard, dry soil and the absence of a large cavity for NH^ to
escape into that exists with the kinfe (losses after passage of the
applicator were not measured).
(6) Measured losses of with the current PIFA are not economically
or environmentally acceptable; modifications, such as in the
spoke configuration or addition of fluids to reduce the NH^
por pressure, will be necessary to make the assembly function
properly.
Since minimum tillage is considered to be important in the future
of American agriculture, a tool like the PIFA causing the least soil
disturbance has potential benefits. Therefore, continued development
of this technology should be encouraged,
5.2. Recommendations for Future Work
(1) For precise determination of field losses of NH^ with the apparatus
used in this study, automating a few measurements like weight of
tank, flowmeter, and anemometer reading is desired.
(2) Research on the design of the spoke is needed in order to improve
injection timing. Simulation models instead of field studies would
be time and money saving.
(3) Rotary valves (in the hub of the PIFA wheel) of different designs
and materials need to be tested.
(A) Use of the PIFA for pesticide and herbicide application is a pos-
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sibility and should be studied.
(5) Similarly, use of the PIFA for simultaneous application of NH^
and solutions or suspensions of other forms of N, or P and K,
should be studied.
(6) Since NH^ is highly soluble in water, NH^ losses should be ap
preciably reduced if water is sprayed at the point and time of
injection, or added to the flow stream just prior to injection.
An investigation of these effects is needed.
(7) An investigation into the effects of a press wheel, or some other
method to cover the holes made by the PIFA spokes, in order to
reduce losses, is desired.
(8) Losses after application equipment passes need to be studied.
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9. APPENDIX B.
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Table 9. Percent NH^ losses at Agronomy Farm (5/23/84)
Rate of application
kg N/ha
31
190
Speed
km/h
5.63
5.63
Replication
R,
R.
R,
R,
R.
R,
R.
R.
R,
R,
R,
R.
R,
Losses
%
8.05
3.67
5.06
3.87
3.89
2.76
3.47
4.87
4.35
4.92
4.74
6.45
11.65
5.90
8.02
7.56
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Table 10. % NH3 losses as affected by different parameters at
Ross Farm (8/15/84) for tilled soil condition
Rate Speed Depth Losses
Run kg N/ha km/h cm Type Block %
1 85 4.8 12.5 B1 9.70
2 85 4.8 12.5 W B2 19.20
3 85 4.8 12.5 w B3 9.79
k 85 4.8 12.5 B1 1.89
5 85 4.8 12.5 K B2 2.54
6 85 4.8 12.5 K B3 0.24
7 85 4.8 17.5 W B1 3.10
8 85 4.8 17.5 W B2 4.36
9 85 4.8 17.5 W B3 2.00
10 85 4.8 17.5 K B1 0.16
11 85 4.8 17.5 K B2 0.01
12 85 4.8 17.5 K B3 0.04
13 85 8.0 12.5 W B1 6.62
14 85 8.0 12.5 W B2 11,32
15 85 8.0 12.5 w B3 5.61
16 85 8,0 12.5 K B1 0.52
17 85 8.0 12.5 K B2 0.37
18 85 8.C 12.5 K B3 0.71
c
# 85 8.0 17.5 W B1
c
• 85 8.0 17.5 W B2
85 8.0 17.5 W B3
•
19 85 8.0 17.5 K B1 0.05
20 85 8,0 17.5 K B2 0.02
21 85 8.0 17.5 K B3 0.05
22 198 4.8 12.5 W B1 16.27
23 198 4.8 12.5 W B2 48.10
24 198 4.8 12.5 W B3 8.23
PIFA.
Knife application.
Q
Missing value.
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Table 10. continued
Run
Rate
kg N/ha
Speed
km/h
Depth
cm Type Block
Losses
%
25 198 4.8 12.5 K B1 0.18
26 198 4.8 12.5 K B2 0.74
27 198 4.8 12.5 K B3 0.12
28 198 4.8 17.5 W B1 21.52
29 198 4.8 17.5 w B2 10.39
30 198 4.8 17.5 w B3 7.25
31 198 4.8 17.5 K B1 0.07
32 198 4.8 17.5 K B2 0.06
33 198 4.8 17.5 K B3 0.08
34 198 8.0 12.5 W B1 3.40
35 198 8.0 12.5 W B2 5.84
36 198 8.0 12.5 W B3 4.05
37 198 8.0 12.5 K B1 0.13
38 198 8.0 12.5 K B2 0.52
39 198 8.0 12.5 K B3 0.93
• 198 8.0 17.5 W B1
•
198 8.0 17.5 W B2
• 198 8.0 17.5 W B3
•
40 198 8.0 17.5 K B1 0.79
41 198 8.0 17.5 K B2 0.47
42 198 8.0 17.5 K B3 0.10
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Table 11. % NH- losses as affected by different parameters at
Ross Farm (8/15/84) for no-till soil condition
Run
Rate
kg N/ha
Speed
km/h
Depth
cm Type Block
Losses
%
43 85 4.8 12.5 B1 35.38
44 85 4.8 12.5 W B2 25.93
45 85 4.8 12.5 W B3 15.17
46 85 4.8 12.5 B1 0.07
47 85 4.8 12.5 K B2 0.06
48 85 4.8 12.5 K B3 0.10
85 4.8 17.5 W B1
c
•
• 85 4.8 17.5 w B2 •
• 85 4.8 17.5 w B3 •
49 85 -4.8 17.5 K B1 0.04
50 85 4.8 17.5 K B2 0.19
51 85 4.8 17.5 K B3 0.09
52 85 8.0 12.5 W B1 23.24
53 85 8.0 12.5 W B2 26.69
54 85 8.0 12.5 W B3 6.76
55 85 8.0 12.5 K B1 0.07
56 85 8.0 12.5 K B2 0.64
57 85 8.0 12.5 K B3 0.20
« 85 4.8 17.5 W B1
• 85 4.8 17.5 W B2
• 85 4.8 17.5 W B3 •
53 85 8.0 17.5 K B1 0.09
59 85 8.0 17.5 K B2 0.08
60 85 8.0 17.5 K B3 0.11
61 198 4.8 12.5 W B1 0.41
62 198 4.8 12.5 W B2 0.76
63 198 4.8 12.5 w B3 0.51
^IFA.
^Knife application,
c
Missing value.
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Table 11. continued
Rate Speed Depth Losses
Run kg N/ha km/h cm Type Block %
64 198 4.8 12.5 K B1 0.41
65 198 4.8 12.5 K B2 0.76
66 198 4.8 12.5 K B3 0.51
• 198 4.8 17.5 W B1 .
• 198 4.8 17.5 W B2 •
• 198 4.8 17.5 W B3 •
67 198 4.8 17.5 K B1 0.01
68 198 4.8 17.5 K B2 0.08
69 198 4.8 17.5 K B3 0.09
70 198 8.0 12.5 W B1 0.48
71 198 8.0 12.5 W B2 0.52
72 198 8.0 12.5 W B3 0.19
73 198 8.0 12.5 K B1 0.16
74 198 8.0 12.5 K B2 0.02
75 198 8.0 12.5 K B3 0.10
• 198 8.0 17.5 W B1
• 198 8.0 17.5 w B2 .
• 198 8.0 17.5 w B3 •
76 198 8.0 17.5 K B1 0.02
77 198 8.0 17.5 K B2 0.11
78 198 8.0 17.5 K B3 0.32
Table 12. Mean of factors combination for knife application and PIFA
application (8/15/84)
Soil
condition
Depth
cm
Speed
kin/h
Rate
kg N/ha
% NH^ losses
Knife application
replication
R, R, R.
T 12.5 4.8 85 1.87 2.54 0.24
T 12.5 4.8 198 0.18 0.74 0.12
T 12.5 8.0 85 0.52 0.37 0.17
T 12.5 8.0 198 0.13 0.52 0.93
T 17.5 4.8 85 0.16 0.01 0.04
T 17.5 4.8 198 0.07 0.06 0.06
T 17.5 8.0 85 0.05 0.02 0.05
T 17.5 8.0 198 0.79 0.47 0.10
NT 12.5 4.8 85 0.07 0.06 0.10
NT 12.5 4.8 198 0.60 0.44 0.09
NT 12.5 8.0 85 0,07 0.64 0.20
NT 12.5 8.0 198 0.16 0.02 0.10
NT 17.5 4.8 85 0.04 0.19 0.09
NT 17.5 4.8 198 0.01 0.08 0.09
NT 17.5 8.0 85 0.30 0.28 0.33
NT 17.5 8.0 198 0.02 0.11 0.32
65 
NH3 losses Mean % PIFA 
NH3 losses reElications 
Rl R2 R3 Knife PIFA 
9. 70 19.20 9.79 1. 32 12.54 
16.22 48.10 8.23 0.30 21.27 
6.62 11. 32 5.61 0.52 7.67 
3.40 5.84 4.05 0.47 4.37 
3.10 4.36 2.00 0.05 3.08 
21.52 10.39 7.25 0.07 12.38 
0.04 
0.40 
35. 38 25.93 15.17 0.08 24.78 
0.41 0.76 0.51 0.34 0.55 
23.24 26.69 6. 76 0.25 17.60 
0.48 0.58 0.19 0.08 0.36 
0.10 
0.05 
0.09 
0.12 
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Table 13, %NH^ losses at Agricultural Engineering Farm^ (11/20/84)
Rate of application
kg N/ha
Soil
condition Black
NH3 losses
%
8.25
Till
®3
5.79
8.52
140
15.16
No-till =2 11.06
12.14
10.86
Till »2 9.00
«3 11.62
50
16.34
No-till «2
«3
14.41
17.25
Values were recorded at 12,5 cm and 6.4 km/h.
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Table 14« Moisture contents
Date
5/23/84
6/26/84
Depth
cm R,
Moisture contents
on dry basis (%)
Replicate
R, R. R,
0-7.5 16,87 12,55 17.73 15,57
7.5-15 22.18 17.37 22.83 20.14
0-7.5 17.51 17.88 16.40 16.40
7.5-15 21.73 18.67 21.03 19.50
Table 15. Moisture contents (11/20/84)
Average mois
ture contents
on dry basis
(%)
15.68
20.63
17.05
20.23
Depth
cm
Moisture contents on dry basis
Block 1 Block 2 Block 3
0-7.5
7.5-15
30.79
31.17
31.53
30.23
30.07
30.91
30.53
30.07
32.80
30.29
30.07
31.80
31.16
31.71
33.53
30.99
31.22
33.33
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Table 16. Jlolsture contents (8/15/84)
Moisture contents Average moisture
on drv basis (%) contents onSoil
no. condition cm 4 ^2 ^3
dry basis (%)
0-10 13.3 12.7 11.7 12.57
Till
10-20 17,7 17.0 14.7 16.47
1
0-10 10.2 11,3 8.4 9.97
No-till
10-20 13.5 13.2 14.1 13.60
0-10 12.9 11.2 11.8 11.97
Till
10-20 14.8 13.8 13.0 13.87
2
0-10 7.6 8.4 7.9 7.97
No-till
10-20 9.8 10.4 10-4 10.20
0-10 12.10 10.8 13.0 11.97
Till
10-20 15.6 13,0 18.4 15.67
3
0-10 9.6 8.7 8.5 8.93
No-till
10-20 14.1 12.9 12.5 13.17
Table 17. Sample calculation of NH^ losses, (5/23/84)
Std. acid Anemom. Flowmeter
Weight of
tank
ID
Speed
km/h
H2O
S
H2SO4
g
reading
m
reading/
1/min
Initial Final
weight weight
1 437.80 3.60 1026.71 0.729 113.61
2
3
5.6
399.70
410.40
3.50
3.70
1078.05
1078.66
0.802
0.802
4 407.90 3.60 1287.50 0.656 100.45
5 413.30 3.60 825.61 0.510 94.78
6
7
8.0
410.90
418.10
3.60
3.50
834.76
895.73
0.729
0.729
8 389.30 3.60 753.96 0.583 78.91
9 416.60 3.60 1194.80 0.729 74.15
10
11
5.6
427.10
402.00
3.70
3.60
1123.78
1093.60
0.729
0.656
12 405.40 3.60 1115.55 0.802 -15.19*^
13 412.00 3.60 896.95 0.729 -15.19
14
15
8.0
407.80
417.80
3.60
3.50
764.02
650.30
0.619
0.692
16 405.70 3.60 651.83 0.692 -79.81
Soil condition no-till,
'Depth of application 10 cm.
'Negative values just indicate that zero was not a front zero weight
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NH3
kg/4 units
Time
5
A-A
NH,-N
4
mg-N/L
Obs. value
losses
g
NH^ losses
%
60.50 18.90 66.63 8.05
13.16
58.80
59.00
11.20
15.70
30.14
41.87
3.67
5.06
55.40 7.52 31.99 3.87
36.80 7.52 38.57 3.89
15.87
39.50
41.30
7.80
12.90
27.35
34.42
2.76
3.47
34.50 19.30 48.33 4.87
52.40 87.00 243.15 4.35
89.34
48.00
47.00
68.00
96.10
274.54
264.51
4.92
4.74
48.00 130.00 360.41 6.45
31.70 100.00 490.75 11.66
64.62
34.00
29.30
88.40
92.60
238.36
324.01
5.90
8.02
29.40 79.80 305.14 7.56
cl tTable 18. Sample calculations of NH^ losses, %* (6/26/84)
Std. acid
Weight of
NH^ tank
Anemom.
reading
m
Flowraeter
reading/
L/min
Initial
weight
kg
Final
weight
kgRow g
Haso^
g
Speed
km/h
1 401.70 3.60 1115.24 0.80 480.53 473.64
2
3
401.50
406.20
3.50
3.60
5.6
1252.13
1331.70
0.80
0.80
473.64
466.47
466.47
459.30
4 406.50 3.60 1149.08 0.80 459.30 452.13
5 402.30 3.60 930.79 0.80 447.72 441.66
6 407.50 3.70
8,0
954.57 0.80 441.66 435.59
7 405.90 3.60 1006.40 0.80 435.5S 428.97
8 394.50 3.60 973.17 0.80 428.97 422.08
Soil condition, no-till.
Depth of application, 10 cm.
72
Time
A-A
NH,-N
, 4
Ob.
NH^
values of
losses/unit losses
NH^ kg/4 units s mg N/L g (%)
6.89 60.00 57.00 157.27 9.13
7.17 60.50 71.20 217.23 12.12
7.17 61.80 61.20 196.68 10.98.
7.17 60.80 51.10 144.14 8.04
6,07 45.40 58.60 177.46 11.70
6.07 44.80 68.40 218.05 14.38
6.62 46.00 58.80 191.71 11.59
6.89 46.40 70.10 212.99 12.36
Table 19. Sample calculations of losses,% (8/15/84)
Weight of
NH^ tank
Std. acid Anemom. Flowmeter Initial Final
Run
H2O 2
g
ml H2S0^
g
reading
m
reading/
L/min
weight
kg
weight
kg
1 400.00 3.60 996.64 1.05 71.20 70,75
2 399.40 3.60 1047.86 1.05 69.98 69.48
3 397.30 3.60 734.45 1.05 67.93 66.89
4 398.70 3.60 1328.04 1.09 68.70 67.80
5 400.10 3.60 1152.74 1.07 67.80 66.67
6 399.10 3.60 1171.95 1.07 66.66 65.53
7 398.80 3.60 1078.35 1.05 60.54 59.86
8 401.20 3.70 1078.04 1.05 59.86 58.96
9 400.40 3.60 1078.04 1.05 58.95 58.50
10 401.30 3.60 1078.35 1.05 63.49 62.81
11 401.80 3.50 1077.43 1.05 62.81 62.13
12 394.80 3.50 1077.35 1.05 62.13 61.22
13 400.30 3.60 633.53 1.05 63.94 63.03
14 400.80 3.60 579.57 1.07 63.04 62.13
15 393.70 3.60 646.24 1.07 62.13 61.22
16 401.40 3.50 767.68 1.09 64.62 64.17
17 399.40 3.50 778.35 1.07 64.17 63.72
18 398.00 3.60 778.82 1.07 63.71 63.26
19 398.60 3.60 307.01 1.05 69.86 58.95
20 398.40 3.60 226.22 1.05 58.95 57.82
21 399.60 3.50 220.42 1.05 57.82 57.14
NH^ kg/units
Time
s
74
NH^-N
mg N/L
Obs. value
NH^ losses
g
NHo losses
(%)
0.45 58.00 21.66 43.83 9.7
0.50 60.00 49.42 95.70 19.20
1.04 53.00 66.59 102.09 9.79
0.90 64.00 7.61 16.95 1.87
0.91 56.00 12.88 28.83 2.54
1.13 55.00 1.15 2.67 0.24
0.68 64.00 10.65 21.06 3.10
0.90 58.00 19.03 39.51 4.36
0.45 57.00 4.33 9.08 2.00
0.68 68.00 0.62 1.10 0.16
0.68 58.00 0.27 0.56 0.01
0.91 59.00 0.18 0.36 0.04
0.91 37.00 31.43 60.00 6.62
0.91 38.00 58.21 102.67 11.32
0.91 38.00 26.59 50.90 5.61
0.45 42.00 2.37 1.20 0.52
0.45 36.00 0.68 1.69 0.37
0.45 40.00 3.37 1.51 0.74
0.91 46.00 0.58 0.43 0.05
1.13 44.50 0.31 0.17 0.02
0.68 42.00 0.36 0.60 0.05
Table 20. Sample calculations of NH^ losses,% (8/15/84)
Weight of
NH~ tank
Std.. acid Anemom. Flowmeter Initial Final
H2O 2 ml H2OS4 reading reading/ weight weight
Run g S- m L/min kg
22 400.90 3.60 1017.68 1.04 63.94 62.35
23 398.10 3.50 913.41 1.06 60.77 59.18
24 401.00 3.50 1111.28 1.06 67.82 56.23
25 400.60 3.60 1387.19 1.06 63.26 62.13
26 400.70 3.60 1077.13 1.09 62.13 60.54
27 398.70 3.60 1078.55 l.OS 60.54 59.18
28 399.10 3.60 1078.04 1.06 80.72 79.13
29 400.30 3.60 1078.65 1.06 79.13 77.55
30 400.30 3.60 1078.04 1.06 77.55 75.96
31 399.10 3.60 927.74 1.05 64.62 62.81
32 400.70 3.60 847.56 1.06 62.81 60.99
33 400.00 3.60 694.51 1.06 60.99 59.18
34 398.40 3.60 576.82 1.08 66.89 64.62
35 401.80 3.60 587.19 1.08 62.58 59.86
36 398.70 3.60 556.40 1.06 57.82 55.55
37 399.30 3.70 773.78 1.06 66.43 65.34
38 400.70 3.60 773.78 1.06 65.30 64.39
39 394.20 3.60 733.78 1.06 64.39 63.49
40 399.50 3.60 487.80 1.06 65.07 63.26
41 401.50 3.60 575.00 1.06- 63.26 61.22
42 396.50 3.50 383.53 1.06 61.22 59.86
NH^ kg/unit
Time
s
76
NH -N
mg N/L
Obs. value
losses losses
(%)
1.59 64.00 137.66 258.27 16.27
1.59 54.00 407.19 763.48 48.10
1.59 62.00 65.31 130.70 8.23
1.13 64.00 0.83 2.01 0.18
1.59 60.00 6.06 11.74 0.74
1.36 60.00 4.03 7.95 0.12
1.59 35.00 99.81 341.59 21.52
1.58 62.00 85.66 164.94 10.39
1.59 62.00 59.39 115.10 7.25
1.81 74.00 0.90 1.25 0.07
1.82 60.00 0.64 1.01 0.06
1.81 59.50 1.14 1.48 0.08
2.27 40.00 48.23 77.00 3.40
2.72 33.00 79.85 158.94 5.84
2.27 40.00 59.40 91.73 4.05
1.13 44.00 0.60 1,17 0.13
0.91 39.00 2.13 4.72 0.52
0.90 39.00 3.90 8.47 0.93
1.81 46.00 10.51 14.26 0.79
2.04 44.00 6.54 9.56 0.47
1.36 41.00 1.25 1.29 0.10
Table 21. Sample calculation of NH- losses,% (8/15/84)
Weight of
NH^ tank
Std.. acid Anemora. Initial Final
Run
H2O
S
2 ml H2SO4
g
reading
m
Flowmeter
L/min
weight
Itg
weight
^tg
43 399.50 3.50 742.07 1,056 68.57 67.93
44 400.00 3.60 725.91 1.020 70.74 69.97
45 401.50 3.60 632.01 1.056 66.89 65.53
46 393.60 3.60 1039.32 1.056 64.39 63.71
47 398.70 3.50 807.31 1.056 63.71 62.81
48 401.10 3.60 1091.15 1.056 62.81 62.13
49 401.90 3.60 1078.04 1.056 62.13 61.22
50 399.00 3.60 1152.74 1.056 61.22 60.54
51 401.60 3.60 928.65 1.078 65.75 65.30
52 399.00 3.60 573.78 1.056 65.30 64.62
53 400.40 3.60 537.50 1.020 68.93 67.80
54 401.50 3.60 634.45 1.056 67.80 66.89
55 393,70 3.60 792.68 0.984 66.44 65.53
56 400.10 3.60 791.15 1.078 67.57 66.66
57 400.30 3.60 785.36 1.078 66.66 65.53
58 399.20 3.60 614.32 1.056 65.53 64.62
59 400.70 3.70 449.39 1.056 61.22 60.09
60 398.60 3.60 579.87 1.020 60.09 59.18
78
Obs. value
Time NH -N NH3 losses NH3 losses
NH^ kg/unit s mg N/L g (%)
0.64 56.00 152.38 244.63 35.38
0.77 50.00 96.93 199.913 24.93
1.36 50.00 146.03 206.37 15.17
0.68 62.00 0.24 0.44 8.07
0.90 59.00 0.37 0.56 0.06
0.68 55.00 0.31 0.69 0.10
0.91 57.5 0.17 0.36 0.04
0.68 67.00 0.67 1.28 0.19
0.45 59.30 0.22 0.39 0.09
0.68 35,80 88.77 158.07 23.24
1.13 34.00 170.57 302.63 26.69
0.91 37.00 31.97 61.28 0.76
0.91 40.00 0.26 6.61 0.07
0.91 36.00 2.61 5.78 0.67
1.13 38.00 0.99 2.24 0.20
0.91 43.50 0.05 0.79 0.09
1.13 41.00 0.66 0.85 0.08
0.91 41.80 0.60 0.96 0.11
Table 22. San^le calculations of NH^ losses,% (8/15/84)
Weight of
NH^ tank
Std. acid Anemom, Flowmeter Initial Final
Run
H2O
g
2 ml H2S0^
g
reading
m
reading/
L/min
weight
kg
weight
kg
61 398.20 3.60 1122,26 1.06 59.18 57.82
62 398.20 3.60 1490.85 1.06 62.35 60.77
63 397.70 3.50 837.81 1.06 56.23 54.64
64 397.70 3.60 1078,86 1.06 59.18 58.05
65 401.50 3.60 1078.86 1.06 58.05 56.69
66 393.20 3.60 773.78 1.06 56.68 55.55
67 460.60 3.60 377.44 1.06 55.10 53.29
68 400.00 3.60 373.17 1.06 68.70 67.34
69 393.50 3.50 789.02 1.06 67.34 65.75
70 397.20 3.60 417.38 0.95 59.86 57.8?
71 401.60 3.60 542.07 1.06 64.62 62.58
72 393.30 3.60 354.27 1.08 55.55 53.06
73 400.20 3.60 773,48 1.06 70.74 69.38
74 401.50 3,60 467.99 1.06 69.38 67.80
75 397.00 3.60 773.48 1.02 67.80 66.44
76 397.50 3.60 471.95 1.06 67.12 64.17
77 399.70 3.50 822.56 1.06 64.17 62.58
78 398.30 3.60 842.38 1.06 62.58 61.22
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Obs. value
Time ^3 ^3 bosses
NH^ kg/unit s mg N/L g (%)
1.36 56.8 2.56 5.61 0.41
1.58 53.0 3.84 11.98 0.76
1.59 61.5 5.33 8.04 0.51
1.13 58.0 3.28 6.76 0.61
1.36 59.0 2.93 5.99 0.44
1.13 60.0 6.73 1.03 0.09
1.81 67.0 0.41 0.26 0.01
1.36 60.2 1,61 1.12 0.08
1.59 58.0 0.93 1.39 0.09
2.04 35.5 6.80 9.87 0.48
2.04 34.0 5.94 10.59 0.52
2.49 35.0 4.39 4.77 0.19
1.36 39.0 6.99 2.19 0.16
1.58 35.5 6.24 0.35 0.02
1.36 40.0 0.61 1.35 0.10
2.95 42.0 0.55 0.68 0.02
1.59 39.0 0.73 1.71 0.11
1.36 41.0 1.90 4.33 0.32
Table 23. Sample calculations of NH3 losses, % (11 /20/ 84) 
Weight of 
Std. acid NH 3 
tank 
H
2
0 gm Anemom . Flowmeter Initial Final 
Soil + reading reading/ weight weight 
ID condition 2 ml H
2 
sc
4 
m L/min kg kg 
1 391. 20 130. 79 0.80 65 . 31 
2 Till 396. 90 146 . 34 0 . 87 
3 384. 70 152 . 44 0. 91 61. 68 
4 400.60 182.93 0. 91 61.b8 
5 No-till 389. 20 159 .15 0.91 
6 391. 80 154 . 27 0.87 57.59 
7 389 . 40 176.22 0.73 53. 96 
8 Till 399.90 167.99 0.80 
9 395 . 30 204.27 0. 73 52.15 
10 392 .10 237 .81 0 . 80 52.15 
11 No-till 401 . 20 201. 21 0. 66 
12 387 . 70 228 . 05 0. 66 50 . 40 
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A-A Obs. value
Time NH^-N NH^ losses NH3 losses
NH^ kg/unit s mg N/L g (%)
3
13 69.7 99.81 8,25
3.63 18 6A.4 69.96 5.79
14 83.6 103.09 8.52
20 209 206.26 15.16
4,09 17 141 150.46 11.06
15 120 165.21 12.14
19 45 65.66 10.86
1.81 13 28.7 54.44 9.00
14 28.6 66.63 11.02
17 36.8 74.09 16.34
1.75 16 29.0 65.34 14.41
18 35.5 78.23 17.25
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10. APPENDIX C.
PROPERTIES OF NH,
Color
Odor
Molecular weight
Metric tons per cu. m at
15.6''C
Kilograms per cu. m
at 15.6^0
Boiling point at I atmos
phere pressure
Freezing point at 1 atmos
phere pressure
Calcium carbonate equiva
lent
Nitrogen content
Colorless
Pungent, sharp
17
0.62
615.91
-33.35 C
-77.7 C
148
82.5%
Western Fertilizer Handbook, 1980.
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11, APPENDIX D.
TRANSFERRING
For direct field application, NH^ must be transferred from the
dealer's bulk storage tanks into nurse tanks for transportation to
the field and then into applicator tanks. Three basic systems are
involved in NH^ transfer. The first of these systems involves use of
a vapor compressor to create differences in vapor pressure between
the two vessels involved in the transfer. This type of system is nor
mally used in dealer storage systems and is commonly used in unloading
tank cars and trucks; however, smaller systems are available for use
in the field. Vapor is withdrawn from the tank to be filled and is
pumped into the tank being unloaded, creating a higher pressure in the
unloading tank, and consequently, liquid NH^ flows into the storage
tank. Capacities of these systems are sufficient to unload a 19~ton
tank car in about 90 minutes. Nurse tanks can be filled from bulk
storage by the same system in about 15 minutes.
The second type of NH^ transfer system involves a rotary positive
displacement pvaap that withdraws liquid NH^ from the tank being unloaded
and delivers it to the vessel being filled. The liquid lines are com
plemented by vapor lines that transfer the vapor from the tank being
filled to the tank being unloaded. This type of installation is
cheaper than the compressor system but involves more maintenance.
^Applying Fertilizers and Soil Amendments, 1983.
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Complete removal of vapor from trucks and tank cars is impossible vd.th
this type of system: consequently, liquid transfer pumps are much less
common than compressors.
The third and most common type of transfer system used in the
field is one involving release of NH^ vapor to the atmosphere. This
system does involve some cost to the person buying the NH^ because
some NH^ that was weighed out in the nurse tank at the dealer's plant
is lost in the transfer operation. Basically, the system involves a
slight vapor pressure differential created by opening the vapor bleed
valve in the tank being filled, causing a lower pressure. Liquid NH^
then will flow from the nurse tank to the applicator tank. Operators
should stay upwind from the vapor bleed valve for safety reasons. As
long as the pressure differential is not greater than 0.7 kg/cm ,
losses of NH^ in the transfer operation will not be more than about
2.5%. When costs are computed, however, NH^ loss by this system will
eventually pay for a small gas operated compressor system. Normally,
these small compressors are supplied on the nurse tanks by the dealer.
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12. APPENDIX E.
SAFETY
Direct application of NH^ on the farm or handling of NH^ at any
facility must involve strict observance of safety precautions. NH^
is not poisonous but it can have drastic effects on tissue that comes
into contact with the liquid or high concentrations of the vapor.
NH^ is extremely irritating to eyes, lungs, and mucous membranes. Be
cause NH^ is very soluble in water, it exerts a desiccating effect on
tissues. Rapid evaporation of the liquid can cause freezing of
tissues as well as desiccation. Lungs and eyes are particularly sus
ceptible to NH^ damage and protection from NH^ concerns these two areas
of the body first. Skin damage can also occur from liquid or vapor
contact but the effects are less traumatic. Fortunately, the irritat
ing odor and burning sensation from low concentrations of NH^ in the
air will often alert an individual to danger in advance of injurious
concentrations.
12.1. Basic Safety^
Every worker who handles NH^ should remember 10 safety command
ments to avoid accidents with NH^:
1) Keep ample water available, NH^ is one of the most
water soluble of all gases. For this reason, keep
an abundant supply of water to provide immediate first
aid treatment for NH^ exposure.
estern Fertilizer Handbook, 1980,
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2) Wear personal protective equipment, such as long-
sleeved garments, impervious gloves with roll-up gaunt
lets and tight-fitting, chemical-splash goggles.
3) Treat NH^ hoses and valves as "loaded guns," Stay clear
of hose and valve openings.
4) Close and lock valves, and disconnect hoses, when plant
is unattended.
5) Relieve pressure before disconnecting or reconnecting
hoses or parts.
6) Never fill an tank above 85% capacity.
7) Never leave transfer operations unattended.
8) Never tamper with relief valves or other safety devices.
9) Never try to "get by" with sub-standard tanks, appur
tenances or safety equipment.
10) Never tow an NH^ nurse tank or trailer without securing
connecting parts and safety chains.
